ABSTRACT AGN feedback is now widely believed to play a crucial role in the co-evolution between the central black hole and its host galaxy. Two feedback modes have been identified, namely the radiative and kinetic modes, which correspond to the luminous AGNs and low-luminosity AGNs (LLAGNs), respectively. In this paper, we investigate the radiative heating in the kinetic mode. This process is potentially important because: 1) the radiation power of LLAGNs is higher than the jet power over a wide parameter range; 2) the spectral energy distribution of LLAGNs is such that the radiative heating is more effective compared to that of luminous AGNs with the same luminosity; and 3) most of the time in the lifecycle of an AGN is spent in the LLAGNs phase. In this paper, adopting the characteristic broad-band spectral energy distributions of LLAGNs, we calculate the value of "Compton temperature" (T C ), which determines the radiative heating by Compton scattering. We find that T C ∼ (5 − 15) × 10 7 K, depending on the spectrum of individual LLAGN and at which distance from the black hole we evaluate the heating. We also compare this heating process with other radiative heating and cooling processes such as photoionization/recombination. Our result can be used for an accurate calculation of the radiative heating in the study of AGN feedback.
INTRODUCTION
There are considerable observational evidences for the coevolution of the supermassive black hole and its host galaxy, and the co-evolution is now widely believed to be due to active galactic nuclei (AGNs) feedback (e.g., Magorrian et al. 1998; Gebhardt et al. 2000; Fabian 2012; Kormendy & Ho 2013; Heckman & Best 2014) . Accretion onto the supermasive black hole in the galactic center will produce both radiation and outflows. These outputs will interact with the interstellar medium (ISM) in the host galaxy, near or far from the black hole, by transferring their momentum and energy to the ISM. The gas will then be heated up or pushed away from the black hole. The changes in the temperature and density of the gas, on one hand, will obviously affect the star formation and galaxy evolution. On the other hand, they will also affect the fueling of the black hole by changing the accretion rate, thus the radiation and matter output of accretion, and the growth of the black hole mass.
While this field is still relatively young and there are many unsolved problems, some consensus has been reached. Two feedback modes have been identified, which correspond to two accretion modes (Fabian 2012; Kormendy & Ho 2013; Heckman & Best 2014) . One is called the radiative or quasar mode. This mode operates when the black hole accretes at a significant fraction of the Eddington rate. In this case, the accretion flow is in the standard thin disk regime (Shakura & Sunyaev 1973) and the corresponding AGNs are very luminous. The other mode is called the kinetic mode or radio mode or maintenance mode, when the black hole accretes at a low accretion rate. In this case, the accretion flow is described by a hot accretion flow (Narayan & Yi 1994; Yuan & Narayan 2014) . The corresponding AGNs are called low-luminosity AGNs (LLAGNs). By analogy with the soft and hard states of black hole X-ray binaries (BHBs) (see Belloni 2010 for the classification of states in BHBs), the boundary between the two modes is L bol ∼ (1 − 2)%L Edd , where L bol is the bolometric luminosity and L Edd ≈ 1.3 × 10 46 (M BH /10 8 M ⊙ ) erg s −1 is the Eddington luminosity. The output of black hole accretion generally includes three components, i.e., radiation, jet, and wind. The difference between the latter two is that jet has relativistic speed and is well-collimated, while wind is sub-relativistic and has a much larger solid angle. In the radiative mode of feedback, i.e., the standard thin disk case, there is no jet. In addition to the radiation which is obviously strong, we have also observational evidence of wind, e.g., in the case of broad-absorptionline (BAL) quasars (see Crenshaw, Kraemer & George 2003 for review of observations). These winds may be driven by the radiation line force (e.g., Murray et al. 1995; Proga et al. 2000) .
In the kinetic mode of feedback, all three kinds of output exist. Among them, jet is perhaps most widely considered in the study, mainly because observationally jets are most evident (e.g., Ho 2008) .
However, it is still under active debate whether jet at large scales should be described by hydrodynamic (e.g., Guo 2016), magnetohydrodynamic (e.g., Gan et al. 2017 and references therein), or cosmic-ray dominated one (Guo & Mathews 2011) , and more importantly, how efficient the jet can deposit its energy into the ISM or intergalactic medium because of its very small solid angle and rather high velocity (e.g., Vernaleo & Reynolds 2006) .
In the study of black hole accretion, wind from hot accretion flow is one of the most important progresses in recent years. Here we only briefly summarize the main development and readers are referred to the recent review by Yuan (2016) for more details. In the pioneer work of Narayan & Yi (1994) , it has been speculated that strong outflow should be easily formed because of the positive Bernoulli parameter of the hot accretion flow. Blandford & Begelman (1999) proposed an analytical model by emphasizing the wind. Since wind in the accretion flow is intrinsically a multi-dimensional physical process, the proper study of wind can only be achieved through numerical simulations. Stone, Pringle & Begelman (1999) has performed the first global numerical simulation of black hole accretion and found that the mass accretion rate decreases with decreasing radius. By analyzing the numerical simulation data, including analyzing the convective instability of an MHD accretion flow, Yuan, Bu & Wu (2012) convincingly showed that such a decrease in accretion rate must be caused by strong wind rather than convection (see also Narayan et al. 2012; Li, Ostriker & Sunyaev 2013) . By using a "virtual particle trajectory" approach, Yuan et al. (2015) have carefully studied the properties of wind. They find that generally the mass flux of wind is much larger than the accretion rate, and fluxes of energy and momentum are also much larger than that of jet in the case of accretion onto a Schwarzschild black hole 1 . Because the wind gas is fully ionized, it is very difficult to detect wind from observing absorption lines. Still, more and more observations confirm the existence of wind in both LLAGNs (Cheung et al. 2016; Crenshaw & Kraemer 2012; Tombesi et al. 2014 ) and the hard state of black hole Xray binaries (Homan et al. 2016) , where a hot accretion flow is believed to operate. In many works, winds have been included although without explicitly emphasizing the mode of feedback (e.g., Ostriker et al. 2010; Ciotti, Ostriker & Proga 2010; Eisenreich et al. 2017) . Achieving a sufficiently rapid reddening of moderately massive galaxies without expelling too many baryons has been challenging for simulations of galaxy formation. Most recently, by invoking the kinetic feedback effect from winds in the regime of low accretion rates (i.e., the kinetic feedback mode), Weinberger et al. (2017) has successfully solved this problem.
In this work, we focus on another mechanism in the kinetic mode, i.e. the radiative heating. This feedback mechanism is ignored sometimes in previous works (but see e.g., Ciotti & Ostriker 2001; Ostriker et al. 2010; Choi et al. 2012; Gan et al. 2014; Eisenreich et al. 2017) , perhaps because it is thought that the radiation of hot accretion flow is too weak. However, based on the following reasons, it is necessary to study its potential role in feedback. First, the luminosity of a hot accretion flow covers a very wide range depending on the accretion rate, and can be moderately high. Taking the black hole X-ray binary as an example, the hard and soft states are described by the hot accretion flow and the thin disk, respectively Done et al. 2007 ). The highest luminosity of the hard state can be L bol ∼ (2 − 10)% L Edd (e.g., Done et al. 2007 ). Theoretically, the high luminosity of a hot accretion flow is because: 1) the radiative efficiency is a function of accretion rate, it increases with the increasing accretion rate (Xie & Yuan 2012) ; 2) the highest accretion rate of a hot accretion flow can be 10
−2Ṁ
Edd (Yuan & Narayan 2014) . Compared with the power of a jet, the power of radiation will be larger when the X-ray luminosity L X 4 × 10 −5 L Edd (or roughly the bolometric luminosity L bol 6 × 10 −4 L Edd ) (Fender, Gallo & Jonker 2003) . Second, the spectrum emitted by a hot accretion flow is different from that by a thin disk. As summarized by Ho (1999 , see also Ho 2008 , the main difference of the spectrum of LLAGNs from luminous AGNs is the lack of the big blue bump. This means that for a given luminosity, there will be more hard photons. This results in a more effective radiative heating, as we will see later from Equations (8) or (9). Finally, galactic nuclei spend most of their time in the LLAGN phase rather than in the active phase (e.g., Haehnelt & Rees 1993; Kauffmann & Haehnelt 2000; Martini & Weinberg 2001) . Thus the cumulative effect of radiative heating in the kinetic mode may be significant.
Radiative heating mainly include two processes. One is heating by Compton scattering; the other is by photoionization. We will see that the former is typically determined by the spectrum of the LLAGNs; the dependence on the properties of the ISM is very weak. On the other hand, the latter is a strong function of the ionization parameter ξ, which is sensitive to the local properties of the ISM. Moreover, the calculation of the latter is relatively straightforward. Because of these reasons, in this paper we focus on the Compton heating. In principle, Compton scattering can be either a heating or a cooling process, depending on the energy contrast between the photons and electron; but in practice, we will see that it is usually a heating process. We will evaluate the Compton heating rate by using "Compton temperature" (T C ), following the approach of Sazonov, Ostriker & Sunyaev (2004) . Physically, Compton temperature means the gas temperature at which net energy exchange by Compton scattering between photons and electrons vanishes, and it is determined by the energy-weighted average energy of the emitted photons from LLAGNs, cf. Equation (8) below. Sazonov, Ostriker & Sunyaev (2004) calculated the Compton temperature of typical luminous AGNs and found T C ≈ 2×10 7 K. The main aim of the present work is to calculate the value of T C of LLAGNs. For this aim, in §2, we combine the data from literature to obtain the broad-band spectral energy distribution of LLAGNs. Special attention will be paid to the hard X-ray spectrum since this is the most important part in the spectrum for heating. We then in §3 calculate the corresponding Compton temperature. In §4 we compare the Compton heating with the other heating and cooling processes, such as photoionization heating, recombination and line cooling, and bremsstrahlung cooling, to see the relative importance of Compton heating. The final section is devoted to discussions and a short summary.
BROAD-BAND SPECTRUM OF LLAGNS
In the kinetic feedback mode, i.e., when the luminosity of the AGNs is (1 − 2)%L Edd , the broad-band spectrum of the AGNs has qualitative differences from that of a luminous AGN, with the most significant one being the absence of the 'big-blue-bump" that is present in the spectrum of luminous AGNs (Ho 1999 (Ho , 2008 . Theoretically, this is because in luminous AGNs a standard thin disk extends to the innermost stable circular orbit, while in LLAGNs it is truncated at a transition radius and replaced by a hot accretion flow within this radius (Yuan & Narayan 2014) . Another notable feature is that since the luminosity of LLAGNs covers a large range, the spectrum at different luminosity regime is also different. In this section, we investigate the broad-band spectrum of LLAGNs at various luminosity regimes. For the calculation of Compton heating, the spectrum in the hard X-ray band Beckmann et al. 2011 Notes.
1) The distance of M87 is derived from Tully-Fisher relationship (Neill et al. 2014) , that of NGC 4151 is from the parallax method (Honig et al. 2014) , and that of Cen A is the best-estimate based on various redshift-independent distance measures (Harris et al. 2010) . The distance of rest sources, on the other hand, is derived from redshift, assuming a flat cosmology.
2) Various methods are adopted to measure/estimate the black hole mass, i.e. stellar or gas dynamics (marked by "Dyn"), the reverberationmapping (marked by "RM") or M BH -σ relationship (marked by "M BH -σ", with formulae taken from Kormendy & Ho (2013) and the velocity dispersion from website http://leda.univ-lyon1.fr. is crucial, so we first discuss the hard X-ray spectrum of LLAGNs.
2.1. Hard X-ray spectrum of LLAGNs: Photon index and cutoff energy The hard X-ray and Gamma-ray emission of LLAGNs are of crucial importance to determine their Compton temperatures. In practice, the X-ray spectrum can be well described by a power-law with an exponential cutoff,
where Γ is the photon index of the hard X-ray spectrum, E ≡ hν is the photon energy and E c is the exponential cutoff energy (or the e-folding energy). Additionally there may also exist a reflection component in energy band 10 − 50 keV. Observationally the X-ray photon index Γ is now measured fairly well. The value of Γ in LLAGNs generally locates in the range Γ ≈ 1.5 − 1.9, and it anti-correlates with the X-ray luminosity L X /L Edd (e.g., Yang et al. 2015; Emmanoulopoulos et al. 2012; Connolly et al. 2016 ). The cutoff energy E c , on the other hand, remains poorly constrained.
Only dozens of AGNs have such measurements, mainly thanks to recent advances in hard X-ray (E 30 − 50 keV) telescopes and instruments, i.e. CGRO/OSSE (e.g. Maisack et al. 1993; Zdziarski et al. 1995; Zdziarski, Poutanen & Johnson 2000; Gondek et al. 1996) , BeppoSAX/PDS (e.g. Perola et al. 2002; De Rosa et al. 2007; Dadina 2008) , Integral/IBIS/ISGR (e.g. Beckmann et al. 2005 Beckmann et al. , 2009 Panessa et al. 2008; Malizia et al. 2008; Molina et al. 2009; Lubiński et al. 2010 Lubiński et al. , 2016 Beckmann et al. 2011; Molina et al. 2013; Malizia et al. 2012 Malizia et al. , 2014 , Swift/BAT (e.g. Winter et al. 2009; Burlon et al. 2011; Molina et al. 2013) Ursini et al. 2015 Ursini et al. , 2016 Fürst et al. 2016) . Statistically, from BeppoSAX observations Dadina (2008) found that the nearby (z < 0.1) Seyfert galaxies (105 objects in total), on average, have photon index Γ ∼ 1.8 and cutoff energy E c ∼ 290 keV. Similar result has also been obtained by Beckmann et al. (2009) based on Integral observations. However, we note that most of the sources currently explored are moderately bright (in Eddington unit) and belong to the luminous AGN category. Besides, a reliable measurement of E c requires broadband spectral studies, which implies that ideally both low-and high-energy X-ray spectra have to be observed and modelled simultaneously, employing spectra with high statistical quality such as those acquired. This difficulty further limits the number of sources with reliable measurements of E c .
Compared to luminous AGNs, the e-folding cutoff energy E c of LLAGNs is much more difficult to constrain, because of their systematically lower X-ray flux. Considering the uncertainties, we gather from literature (mainly select from Molina et al. 2009; Malizia et al. 2012 Malizia et al. , 2014 Table 1 for references of individual sources) LLAGNs which satisfy L X 4 × 10 −3 L Edd . There are nine sources in total, as summarised in Table 1 . We include in this table the source name, AGN classification, black hole mass, distance, X-ray luminosity, photon index and cutoff energy. As noted in the table, the black hole mass M BH are calculated through various methods. Besides, as noted in Table 1 , there are redshift-independent distance measurements on the distance for several nearby sources, while for the rest the distance is calculated from redshift in a flat cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.27, Ω Λ = 0.73. Due to the lack of sensitive instruments in the 200 − 800 keV energy band, most of the LLAGNs only have a lower limit constraint on E c .
One of the best E c measurement comes from LLAGN NGC 7213 (Emmanoulopoulos et al. 2012) , which is classified as a low-ionization nuclear emission-line region (LINER). An anti-correlation between Γ and L X /L Edd (the so-called "harder when brighter" behaviour) is observed in this source (Emmanoulopoulos et al. 2012) . The cutoff energy is constrained to be E c > 350 keV by Suzaku and Swift/BAT (Lobban et al. 2010) , or E c > 140 keV by NuSTAR (Ursini et al. 2015) .
Another example is NGC 5506, which is classified as either a Seyfert 1.9 or a narrow-line Seyfert 1 galaxy. The X-ray photon index, with a typical value Γ ≈ 1.9 (Bianchi et al. 2004; Matt et al. 2015) , also anti-correlates with the X-ray luminosity (Soldi et al. 2014) . From simultaneous XMMNewton/BeppoSAX observations, Bianchi et al. (2004) found that the cutoff energy is E c = 140 +40 −30 keV. However, as pointed out recently by Matt et al. (2015) , this value suffers large systematic uncertainties due to ambiguities during the spectral modelling. Indeed, the NuSTAR observation on this source found that E c = 720 +130 −190 keV . Even allowing for systematic uncertainties, they confirm the 3σ lower limit of the cutoff to be E c > 350 keV.
According to Table 1 , we may set E c = 400 − 800 keV for LLAGNs. Besides, the value of E c might anti-correlate with the X-ray luminosity L X /L Edd , as indicated by observations of one LLAGN (NGC 4593, Ursini et al. 2016 ) and BHBs in their hard state (among others see e.g., GX 339-4, cf. Fig.  7 in Miyakawa et al. 2008) , and expected by theory of hot accretion flows.
Composite broad-band SED of LLAGNs
Obtaining the broad-band spectrum of LLAGNs is challenging. Various sample selection and normalization methods have been developed (e.g. Ho 1999 Ho , 2008 Malizia et al. 2003; Winter et al. 2009; Eracleous et al. 2010) . As shown in Fig. 1 , we here adopt the composite SED of LLAGNs from Ho (2008) , which has a relatively broad coverage in photon energy, i.e. from radio to soft X-rays (E 10 keV). We include three sets of SED with different range of Eddington ratio λ ≡ L bol /L Edd from Ho (2008) , i.e. λ < 10 −3 , 10 −3 < λ < 10 −1 , and 10 −1 < λ < 1. For comparison, the composite SED averaged over Type 1 and Type 2 AGNs compiled by Sazonov, Ostriker & Sunyaev (2004) is also shown here by the black solid curve.
We caution that the origin of the nuclear infrared (IR) emission is rather complicated, i.e. it may come from the dusty torus, the circum-nuclear star formation, the central AGN (including the accretion disk, the jet, and sometimes the narrow line emission clouds), or their combination. Spatial resolution is thus of crucial importance to discriminate the contaminations, and extensive efforts have been made through infrared interferometric techniques (e.g., Gandhi et al. 2009; Tristram et al. 2009; Asmus et al. 2011 Asmus et al. , 2014 González-Martín et al. 2015 . However, these contaminations are still difficult to constrain (e.g. Asmus et al. 2011 Asmus et al. , 2014 . The nuclear IR flux derived from arcsecond-scale resolution observations (e.g. typical resolution in mid-IR of Spitzer is ∼ 4 ′′ ) may be accurate within a factor of 2 − 8 (Asmus et al. 2011 (Asmus et al. , 2014 González-Martín et al. 2017) .
The spectrum from the hard X-ray to soft γ-ray regime (10 keV E 2 E c ) is absent in these composite SED data. Therefore, we complete the SED of this energy range through Eq. 1 (normalised at E = 10 keV), based on our discussions on Γ and E c in §2.1. Due to the uncertainties of Γ and E c , we choose different values of Γ and E c . As shown in Fig. 1 , solid curves have relatively hard spectra, with Γ = 1.60, while the dashed curves have relatively soft spectrum, with Γ = 1.80. Different colors indicate different e-folding cutoff energies, i.e. dark green and dark red are for E c = 400 keV and E c = 800 keV, respectively. Moreover, since the jet in LLAGNs are likely be relatively strong, we assume its emission be significant at E 2 E c . We take the blazar spectrum from Sazonov, Ostriker & Sunyaev (2004) (normalization is assumed to be 10% the flux from hot accretion flow at 2 E c ) to consider the γ-ray emission in LLAGNs. Such an artificial jet emission in γ-ray band will affect the resultant Compton temperature in a minor way, i.e., less than (3 − 5)%.
COMPTON TEMPERATURE OF LLAGNS

Method and equations
Consider the scatter between photons with energy ǫ (ǫ ≡ hν/m e c 2 ) and electrons with temperature T e (θ e ≡ kT e /m e c 2 ). The heating or cooling rate of electrons is described by the following exact formulae which is valid for any photon energy and electrons temperature (Guilbert 1986 ),
where F ǫ is the radiation flux at energy ǫ, K comp the kernel of the Compton heating rate. The cross-section for Compton scattering process has the form (Guilbert 1986 ),
(3) The average photon energy after scattering is (Guilbert 1986 ),
Here K 2 (x) is the 2nd order modified Bessel function, G(ǫ) ≡ g 0 (ǫ) − g 1 (ǫ) and
In the Thompson limit (hν ≪ m e c 2 and kT e ≪ m e c 2 ), Equations (3)&(4) take their usual simple forms,
In this case, by defining a "Compton temperature" T C , Equation (2) can be simplified as,
where
2 is the radiative flux at distance R. The Compton temperature T C is defined as, In order to investigate the Compton heating effect, we complete the high-energy band SED (E > 10 keV) of low-luminosity AGNs with several possibilities, i.e. the solid curves have relatively hard spectra, with Γ = 1.60, while the dashed curves have relatively soft spectrum, with Γ = 1.80. Different colors indicate different e-folding cutoff energies, i.e. dark green and dark red are respectively for E c = 400 keV and E c = 800 keV.
i.e. it is the energy-weighted average energy of incident photons. From Equation 7, Compton scattering plays a heating (cooling) role when T C > T e (T C < T e ). In other words, T C is the temperature the gas at which net energy exchange by Compton scattering between photons and electrons vanishes. The electrons temperature of the ISM is usually 10 7 K, while generally T C is larger than 10 7 K, so Compton scattering usually plays a heating role in the radiative feedback.
In the general case, the photon energy from AGNs can be comparable to or even larger than m e c 2 and/or electrons can be relativistic; there is no exact definition of Compton temperature due to the strong coupling between electrons and photons. In this case, for the convenience of the calculation of Compton heating, we combine the exact Compton heating rate (Equation (2)) with its simplified version (Equation (7)) and define an "effective" Compton temperature as (see also Sazonov, Ostriker & Sunyaev 2004) ,
where the correction factor b(ǫ) is unity for photon energy below 10 keV and decreases significantly above 10 keV. With the evaluation of T C , the Compton heating rate can be calculated easily by Equation (7).
3.2. Numerical results of T C We now calculate the Compton temperature of LLAGNs based on the SEDs shown in Figure 1 . We consider two SEDs with different luminosity values, one being 10 −3 < λ < 10 −1 and another λ < 10 −3 . They are simply represented as λ ∼ 10 −2 and λ < 10 −3 in Table 2 . As discussed in §2.1, the photon index and the cutoff energy of the X-ray spectrum of LLAGNs are currently poorly constrained. Therefore, for completeness, for each SED we have considered three values of Γ, among which one is estimated from the Γ − L X /L Edd relationship reported in Yang et al. (2015) (see their Equation 5), with L X = 1/16 L bol (Ho 2008) . For each Γ, we further consider five different values of E c . Since the Compton heating rate also depends on the electron temperature of the ISM (T e ), we consider three different values of T e , i.e., T e = 10 4 , 10 5 , 10 6 K. One point requires caution.
For the calculation of T C , the IR flux plays an important role since it largely determines the total flux, i.e., the denominator of Equation (9). Observationally, however, as discussed in §2, the origin of the infrared emission in the SED is not very clear. Due to the poor resolution of existing IR telescopes, the observed IR flux may only represent an upper limit (Ho 1999; Asmus et al. 2011 Asmus et al. , 2014 González-Martín et al. 2015 . Moreover, it is possible that the IR flux originates from a region far away from the black hole accretion flow. In the feedback study, we are often most interested in the region just beyond the outer boundary of the accretion flow, i.e., the Bondi radius R Bondi = 
( keV) normal case reduced-IR case b (T e = 10 4 K) (T e = 10 5 K) (T e = 10 6 K) (T e = 10 4 K) (T e = 10 5 K) (T e = 10 6 K) Notes: a the two photon indexes shown in bold, i.e. Γ = 1.59 and Γ = 1.69, are for cases with L bol /L Edd = 10 −2 and 10 −3 , respectively, where they are estimated from the Γ − L X /L Edd relationship reported in Yang et al. (2015) (see their Equation 5), with L X = 1/16 L bol (Ho 2008) . b the IR data, i.e. ν < 3 × 10 14 Hz, in this case is reduced by a factor of 10.
; this is because the properties of the gas in this region determines the black hole accretion rate, which subsequently determines the total output of the AGN (radiation, jet, and wind strength) and the growth of the black hole mass. So Compton heating in this "inner" region is most important. If the IR emission originates from far away from this region, their effect on the calculation of Compton temperature should not be included. Based on these considerations, we have also considered the "reduced IR case", in which the IR flux shown in Figure 1 is artificially reduced by a factor of 10 (Asmus et al. 2011 (Asmus et al. , 2014 González-Martín et al. 2017) .
2 Due to the reduction in both the bolometric luminosity and the Compton cooling from IR photons, this will make the Compton temperature higher by a factor of ∼ 2 − 3.
All these models and their Compton temperatures are listed in Table 2 . From this table, the main results can be summarized as follows.
• The Compton temperature will be higher when the Xray spectrum is harder or the cutoff energy is higher.
2 When the temperature of ISM is very low, e.g., the black hole is fueled by strong cooling flow, the Bondi radius can be as large as kpc scale or even larger (Ciotti & Ostriker 2007) . In this case, we should not consider the "reduced-IR case" if the IR emission region is within such a large Bondi radius. But note that the feedback in this case will be in radiative mode rather than kinetic mode.
For given Γ and T e , T C for cases with E c = 800 keV is a factor of ∼ 1.4 higher than that for cases with E c = 400 keV. The impact of Γ is more evident, i.e. changing Γ from 1.80 to 1.60 will result in a factor of ∼ 1.8 increase in T C . This is because a harder spectrum and a higher E c implies that there will be relatively more hard photons which can heat the electrons more efficiently than soft photons.
• The value of T C is not sensitive to the temperature of ISM, T e , as expected.
• For reasonable parameter choices, the Compton temperature of LLAGNs with "normal" IR flux lies in the range (5 − 9) × 10 7 K.
• For the case of "reduced-IR" case, which is more favorable to us, the Compton temperature T C ≈ (1 − 1.5) × 10 8 K.
Besides this statistical investigation of T C for LLAGNs, we have also calculated the Compton temperature of several individual LLAGNs. Such investigation is a little too ambiguous, since most of these sources lack the hard X-ray and soft γ-ray observations to constrain the value of E c . So we use the theoretical SED results for such information, which is obtained by the accretion flow modeling to the sources (see Yuan & Narayan 2014 for details of the accretion model Notes: observational data and theoretical modelling are taken from Yuan, Yu & Ho (2009) . We caution that the hard X-rays and soft γ-rays in these sources are actually from SED modelling, as there are no direct observations at these energy bands. Fig. 2. -The ionization luminosity factor, i.e. f ion ≡ L ion /L bol , versus the Eddington ratio, for the composite SED from Ho (2008) . The color of each curve is the same to that of Fig. 1. of LLAGNs). We select several representative sources from Yuan, Yu & Ho (2009) . The results are shown in Table 3 . Again, we have tried three different electron temperatures. The Compton temperature is systematically higher than the "normal case" shown in Table 2 , but more consistent with the results of the "reduced-IR" case. The reason is that the IR flux calculated from theoretical model is significantly weaker than that shown in Figure 1 , since we only consider the radiation from accretion flow and jet. In other words, the Compton temperature derived here is applicable to the regions close to the black hole, as we argue above.
THE TOTAL RADIATIVE HEATING AND COOLING IN LLAGNS
In addition to Compton scattering, there are several additional radiative processes that can heat or cool the gas. In this section we compare their relative magnitude. One process is the bremsstrahlung radiation (q br and S br ), which always plays a cooling role. The other processes relate to the atomic energy-level transition, i.e. the photoionzation/recombination and line emission (q ph,rec,l and S ph,rec,l ). The total radiative heating/cooling rate per unit volume can be expressed as (e.g., Proga et al. 2000; Sazonov et al. 2005) ,
= nn e S Comp + nn e S ph,rec,l − n 2 S br = n 2 n e n (S Comp + S ph,rec,l ) − S br .
Here n = ρ/m p and n e are the number density of hydrogen atomics and electrons, respectively. For hot gas Fig. 3 .-The radiative heating/cooling rate in unit of the bremsstrahlung cooling rate, i.e. S Comp /S br (solid curves) and S ph,rec,l /S br (dashed curves), as a function of ionization parameter ξ. In this plot, we set T C = 1 × 10 8 K. The color of each curve represents the temperature of electrons, i.e. log(T e ) = 4.5 (black), 5.0 (red), 5.5 (green) and 6.0 (blue).
(i.e. temperature 10 4 K) with solar abundance, n e ≈ n. Consequently the radiative heating/cooling rate can be expressed as,
The value of S ph,rec,l depends on both the metallicity (fixed to solar abundance in this work) and the ionization parameter ξ. The definition of ξ is,
Here R is the distance to the central black hole, L ion = 13.6 keV 13.6 eV L E dE is the ionization luminosity, and f ion ≡ L ion /L bol is ionization luminosity factor. As shown in Figure  2 , we derive the their ionization luminosity factors, i.e. f ion ≈ 0.42, 0.10, 0.20, respectively, for the composite SEDs shown in Figure 1 with λ < 10 −3 , 10 −3 − 10 −1 and 10 −1 − 1. Detailed formulae of S ph,rec,l is provided in Appendix (cf Equation A4). It is a heating (cooling) term when ξ is large (small). Figure 3 provides the values of S Comp /S br and S ph,rec,l /S br as a function of ξ. In this figure, we set T C = 1 × 10 8 K, and considered four different electron temperatures, i.e. log T e = 4.5 (black), 5.0 (red), 5.5 (green) and 6.0 (blue). For this given electron temperature range, the Compton scattering plays a heating role. The total radiative process, on other hand, will play a cooling (heating) role for ξ below (above) ∼ 10 3 erg s −1 cm. When ξ 10 4 erg s −1 cm, we have S Comp > S ph,rec,l .
SUMMARY
This paper investigates the radiative heating in the kinetic mode of AGN feedback. This process is sometimes ignored in the AGN feedback study and people usually pay more attention to the kinetic feedback by the jet and wind. However, this may be over-simplified. Previous work in the case of the hard state of black hole X-ray binaries, in which we believe a hot accretion flow is operating just like in the kinetic mode, has shown that whenever the X-ray luminosity from the black hole L X 4 × 10 −5 L Edd (or roughly the bolometric luminosity L bol 6 × 10 −4 L Edd ), the power of luminosity is larger than that of jet (Fender, Gallo & Jonker 2003) .
Depending on the accretion rate, the highest luminosity of the hot accretion flow in the kinetic mode can be as high as (2 − 10)%L Edd . Moreover, compared to the AGN spectrum in the radiative mode, the spectral energy distribution of the LLAGNs in the kinetic mode is such that there are relatively more hard photons, which makes the radiative heating more effective. Based on these reasons, it is necessary to study systematically the radiative heating in the kinetic mode of AGN feedback. This paper focus on Compton scattering. This process can in principle play a heating or cooling role, depending on the comparison between the photon energy and electron temperature of the gas. For this aim, we adopt the broadband spectral energy distribution of LLAGNs with different luminosities. Based on this information, we have calculated the "Compton temperature" T C , which characterizes the heating or cooling rate, and is the gas temperature at which the net energy exchange by Compton scattering between photons and electrons vanishes. Using this quantity, the Compton heating rate can be conveniently derived by Equation (7) (see also Equations (A1)&(A2) in Appendix).
The results of T C are shown in Table 2 , which gives T C ∼ (5 − 15) × 10 7 K. This value is higher than the typical electron temperature of the gas in galaxies so it implies that in most cases, Compton scattering plays a heating role to the gas. This value is several times higher than the T C ≈ 2 × 10 7 K value of luminous AGNs in the case of radiative mode of AGN feedback. The uncertainties in the T C of LLAGNs comes from two aspects. One is that the photon index and especially the cutoff energy of the hard X-ray spectrum of LLAGNs are poorly constrained. The other is that the exact value of the IR flux and more importantly, the distance at which we are evaluating the radiative heating is not well constrained. If we are considering the heating at a distance very far away from the black hole or accretion flow, we should adopt the lower value of T C ≈ 5 × 10 7 K. But if we are interested in the heating not far away from the accretion flow, T C ≈ 1.5 × 10 8 K should be adopted. We have also compared the Compton heating with the photoionization heating. We find that when the ionization parameter ξ 10 4 , Compton heating is larger than photoionization heating.
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The second is the bremsstrahlung, S br = 3.3 × 10 −27 T 1/2 e ergs s −1 cm 3 .
The last includes photoionization heating, recombination cooling, and line cooling processes. We here take the detailed form from Sazonov et al. (2005) , which is valid for 10 4 K T e 3 × 10 7 K, 
Another simplified version, which is not adopted in this work, is from Proga et al. (2000) 
Here parameter δ takes into account the effect of optical depth of lines; i.e. δ = 1 represents the optically thin line cooling case, and δ < 1 represents the case in which the line cooling is reduced when the lines becomes optically thick.
